in the Muslim population in northwest China, and discuss the risk factor. Materials and methods: According to the income and the population, we randomly selected 3 villages with stratified and cluster sampling. The subjects were residents ≥ 20 years of age, and were from families which have been local for > 3 generations. The questionnaire and oral glucose tolerance test (OGTT) were completed and analyzed for 660 subjects. Results: The prevalence of DM and PDM between the Han and Muslim populations were different (P = 0.041). And the prevalence were also different with respect to age in the Han (P < 0.001) and Muslim population (P < 0.001) respectively. Except for the 20-year-old age group the prevalence of DM and PDM within the Muslim population was higher than the Han (P = 0.013), we did not find any significant diffe rence for other age groups (P > 0.05). The intake of salt (P < 0.001) and edible oil (P < 0.001) in the Muslim population was higher than the Han, while cigarette smoking (P < 0.001) and alcohol consumption (P < 0.001) was lower. BMI (P < 0.001), age (P = 0.025), and smoking cigarettes (P = 0.011) were risk factors for DM and PDM, but alcohol consumption (P < 0.001) was a protective factor.
INTRODUCTION

D
iabetes mellitus (DM) is one of the most common diseases worldwide and may lead to micro-and macro-vascular complications. Common risk factors for the development of DM include central obesity, family history, and dyslipidemia (1, 2) . In many countries the prevalence of DM has shown an upward trend in recent years, which is affected by some known risk factors, such as dyslipidemia, obesity, poor dietary habits, and exercise (1, (3) (4) (5) (6) . However, few studies have focused on the prevalence of DM in different races in the same geographic area. In China, the Han population is the largest majority group. It represents 92% of the inhabitants of China. Currently, the existing many studies have described the social-demographic characteristics and the prevalence of DM in China, such as The Da Qing IGT and Diabetes Study (3) . A recent study conducted in 2010 reported the age-standardized prevalence of total DM and pre-diabetes mellitus (PDM) were 9.7% and 15.5% respectively in China (7, 8) . These findings supported that Han population can represent the findings of the Chinese population in general and can be used as a control group in relation to the findings in Han population. The Han population is thus better characterized and can be easier for the comparison of the findings in the other ethnicity populations. On the other hand, owing to the special characteristics of dietary habits, the Muslim population in China, one of the largest minority groups, has clear differences in the characteristics from other Chinese groups. Residents in the Ningxia Hui Autonomous Region, a major place of habitation for Chinese Muslims, make up > 40% of the Muslim population in China. Guyuan city, which is located in the southern mountain area of the Ningxia Hui Autonomous Region, is a small town in the northern route of Silk Road and inhabited by a traditional Muslim population (Hui). According to the 2008 demographic statistics, population in Guyuan is 1.53 million, among them Muslim population are 0.65 million which is accounted for 44.1 percent of total population. The Muslim population in Guyuan city, whose ancestors were Muslim merchants of Persia and Arab, are different from other local Chinese ancient Muslims, such as residents in Uygur, Kazak, and Kirgiz. Although Muslims live together with Han, intermarriage is uncommon due to economic backwardness. Moreover, most residents lived in the same area for more than three generations, and mobile populations are uncommon. There are no policies to control the Muslim population, so multiple pregnancies are common, which also leads to distinctive demographic characteristics. In addition to demographic characteristics, diet in the Muslim population is different from the Han population. The Han population subsists mainly on pork; however, beef and mutton are the main meats consumed by the Muslim population. In the winter, preserved food is the main non-staple food because there are almost no fresh vegetables, which leads to high salt intake for people.
We have reviewed many papers which have addressed DM in the Muslim population. Most of the studies have focused on glycemic trends during Ramadan in fasting subjects with DM or the treatment of DM (9, 10) . Few studies regarding the prevalence of DM and PDM or risk factors in the Muslim population have been reported, especially comparisons with other nonMuslims in the same geographic areas (11, 12) . Within the same geographic environment, whether or not the distinctive demographic characteristics and special eating habits are the intrinsic factors which result in some diseases, such as DM, is always our main concern. Our previous study showed that glucose metabolic disorders in Guyuan city, which was based on the subjects in the permanent population surrounding the rural area, was higher than other cities in Ningxia, China (13) . It is necessary to perform further investigation and research of the population in this region, especially the Muslim population, because there are significant difference between Han and Muslim populations, according to our previous study (13) .
In the current study we determined the prevalence of DM and PDM in the Muslim population in China and determined the special risk factors in their race.
MATERIALS AND METHODS
Participants
A total of 1,963 villagers were studied between January 2009 and February 2011. In our study, we selected the two-stage sampling procedure to collect samples. In the first stage, consider different income levels might affect the diet habits which can further affect the incidence of DM and PDM, we thus performed the population stratification based on the income levels (high level [> 1500 Renminbi {RMB}, middle level [1000 -1500 RMB], and low level [< 1000 RMB]) per capita per year (14, 15) . For each income level, we sampled one countryside from those countrysides around Guyuan city with the same income levels. After performing the stratified sampling, three countrysides were selected. In the second stage, consider the population size and the economical situation of each subordinate village from the corresponding countryside is similar; we thus adopted the cluster sampling to extract one village from the selected each countryside in the first stage. Finally, a total of 1,963 villagers from three villages were selected. After excluding those samples with greater missing information, 660 participants ≥ 20 y of age (mean age = 45.79 ± 14.65 y; 288 males and 372 females) and residence in the village for ≥ 20 years of Guyuan, Ningxia were included in the study. The sample population was limited to families that had been local for greater than three generations. The current research planned to collect 800 responses. Participation in the survey was voluntary. If subjects declined to participate, the investigators attempted to survey the neighbor. This process continued until the targeted number of surveys was reached. All of the participants signed informed consent. The study was approved by the Ethics Committee of Ningxia Teachers' University.
Methods
The level of fasting blood glucose (FBG; fasting for at least 8 h), and 2-h postprandial blood glucose (PBG2h; after a normal meal) were measured for all of the research subjects using Roche's superior blood glucose meter, which has an error < ± 15% compared with venous blood. With a fasting blood glucose cut-off of < 5.6 mmol/L, the diagnosis of IFG can significantly improve the sensitivity of fasting glucose in predicting DM (5,6); thus, we chose a fasting plasma glucose level ≥ 5.6 mmol/L as the oral glucose tolerance test (OGTT) screening cut-off level. In participants who had a FBG ≥ 5.60 mmol/L (105 mg/dL) and a PBG2h ≥ 7.8 mmol/L (140 mg/dL), an extra 75 g oral glucose tolerance test was performed (OGTT; Beckman-Unicel Dxc800 biochemistry analyzer; Beckman Ltd., Suzhou, Jiangsu, China) (16). The diagnosis was based on the results of the 75 g OGTT and World Health Organization criteria. Among all of the research subjects, those with a normal FBG (normal range, 4.4-6.1 mmol/L) and a PBG2h (normal range, 4.4-7.8 mmol/L) were diagnosed as normal glucose tolerance (NGT), and others who had a normal FBG and elevated PBG2h (> 7.8 and < 11.1 mmol/L) were diagnosed with impaired glucose tolerance (IGT). The research subjects with a normal PBG2h and an elevated FBG (> 6.1 and < 7.0 mmol/L) were diagnosed with impaired fasting glucose (IFG). The research subjects with an elevated FBG (> 7.0 mmol/L) and an elevated PBG2h (> 11.1 mmol/L) were diagnosed with DM. The research subjects with a FBG > 7.0 mmol/L and a PBG2h < 11.1 mmol/L or a FBG < 7.0 mmol/L and a PBG2h > 11.1 mmol/L, the OGTT was measured repeatedly.
Questionnaires for the DM epidemiologic study were based on the Chinese Academy of Preventive Medicine, and consisted of ethnic, health status, medical history, family history, physical work, income, cigarette smoking and alcohol consumption habits, intake of oil and salt, and status of the subject's awareness. During the survey, 836 questionnaires were used. Of the 836 questionnaires, 50 had missing information (e.g., oil and salt intake was not captured as well as information on pregnancy and childbirth) and 126 only completed the questionnaire and did not have the intact blood glucose indicator because no OGTT was performed after the rapid finger-blood glucose procedure. The remaining 660 subjects who had matched completed questionnaire and intact blood glucose results were included in the statistical analysis.
The Muslim and Han populations are differentiated by inheritance and identity. In this observation, the Muslim or Han population was identified when they were in an ethnic group for greater than three generations. In this area, because of tradition, inter-ethnic marriages do not occur. The few intermarriage couples migrated to other regions. The question regarding intermarriage was asked when the questionnaire was developed. People with an intermarriage history were excluded. The researchers searched three generations of the subjects to verify their ethnicity as Muslim (believing in the religion) or Han (who can have or not).
The questionnaire regarding edible oil and salt intake was designed as follows: how many people ≥ 20 years of age are in your family? What is the consumption of salt and edible oil monthly? Then, the salt and edible oil intake per person was estimated. Because there were local customs, such as preserved salted food for the winter in some seasons and preparing plenty of fried food for festivals, the edible oil and salt intake was not calculated monthly, but yearly. Dietary guidelines advocate that the daily salt intake should be < 6 grams per person per day, thus the annual salt intake should be 2190 g (2.19 kg/year). Beijing is a city with a high daily salt intake, which reaches 15 grams (5.47 kg/year).
Based on the records, we determined whether or not the salt intake was excessive in the Muslim population.
The body mass index (BMI), waist and hip circumference, and blood pressure were measured and recorded. The researcher inquired about a history of hypertension and medication use and noted "hypertension", when indicated. Those who did not have a history of hypertension were examined in the seated position after 3 minutes for blood pressure measurement (both left and right. Researchers picked the arm with the highest blood pressure reading, and obtained 3 blood pressure readings every 2 minutes. The average of the three measurements was used to confirm a diagnosis of hypertension. If the systolic pressure was > 140 mmHg or the diastolic pressure was > 90 mmHg, the villager would be suspected to have hypertension and would re-visit to measure the blood pressure. If the result was the same, the diagnosis of hypertension was confirmed. If the result was different, the blood pressure was measured for a third time and the diagnosis was based on the third result.
Gravidas were excluded from this study because pregnancy, parturition times, and macrosomia were recorded in the medical history, and capillary glucose measurements and OGTT tests were performed. Macrosomia is defined as a fetus with a birth weight ≥ 8 kilograms.
This research was conducted by teachers and students in the Department of Medicine at Ningxia Teachers' University and the staff in the Centers for Disease Control and Prevention of Yuanzhou District in Guyuan City. They received proper training before the project began. The training included a physical examination (height, weight, and waist circumference), blood pressure and glucose measurement, pre-survey preparation before the procedures, the content and structure of the questionnaire, and surveys prompting and completion of skills. Quality control was performed during the entire survey, and included the study design, survey staff training, field survey, data collection, data entry, summarization, statistics, and analysis. The quality control in the field survey was especially important and the supervisor in each team randomly examined 2% of the questionnaires and blood pressure as well as glucose by a second visit. This limited potential errors.
Statistical analysis
Data were analyzed using SPSS (version 17.0 for Windows; SPSS Inc., Chicago, IL, USA). The quantitative characteristics of the Han and Muslim population in China were expressed as the mean ± standard deviation, and were compared using a two-sample t-test. Chi--square tests were used to compare the categorical data and to determine the difference in prevalence in two race groups and in different age groups. Also, we used binary-logistic regression to detect potential risk factors of all the clinical characteristics on different OGTT results. P values < 0.05 were considered significant.
RESULTS
Race-specific characteristics of the Han and Muslim population in China
The two-sample t-tests and chi-square tests were used to compare the quantitative and categorical characteristics of the Han and Muslim populations in China. No significant difference was detected with respect to gender, age, BMI, WHR, SBP, and history of coronary heart disease between the Han and Muslim population (P > 0.05); however, there was a significant difference with respect to the DBP and history of hypertension between the two races. In summary, except the prevalence of "history of hypertension" is higher (P = 0.007) and the DBP is lower (P = 0.037) in Han population, there were no significant difference between two races for other clinical characteristics (P > 0.05; Table 1 ). Data are listed as x -± s. * P values < 0.05 were considered to be significant.
Glucose metabolism in Chinese Muslims
Copyright © ABE&M todos os direitos reservados.
719
Arq Based on the data elicited in the questionnaires, the intake of oil and salt, cigarette smoking, and drinking alcohol in the Muslim population were significantly different from the Han people (P < 0.001; Figure 1 ). No significant differences in the frequency of pregnancy (3.72 ± 1.71; P > 0.05) and frequency of parturition (3.34 ± 1.57; P > 0.05) existed between the Han and Muslim population. In addition, no significant difference in fetal macrosomia existed between the Han and Muslim population in China (P > 0.05; Figure 2) , and the level of awareness of DM, PDM, and NGT was not significantly different between the Han and Muslim population using LR χ Race-specific prevalence of DM and PDM among rustics
An age-adjusted Cochran-Mantel-Haenszel (CMH) test was used to analyze the differences in prevalence between the two race groups. Consider the most important demographic change to DM prevalence across the world appears to be the increase in the proportion of people ≥ 65 years of age, we therefore performed the age stratification (< 65y and ≥ 65y). The results showed that there was a significant difference in the prevalence of DM and PDM between the Han and Muslim populations in China after adjusting the age (P = 0.041).
In the Muslim population, the prevalence of DM (5.8%), IGT (10.3%) were higher than the Han people, IFG (4.3%), and IFG + IGT (5.2%) were lower than the Han people ( Table 2) .
Prevalence of DM and PDM in the Muslim population in China and the risk factors
The prevalence of DM and PDM was significantly different among different age groups in the Muslim population in China using the Pearson χ 2 test (P < 0.001). The IGT increased in those < 50-59 years of age and decreased in those > 50-59 years of age. DM increased in those < 40-49 years of and decreased in those > 40-49 years of age. The IFG + IGT had different upward trends in those 30-39 to 40-49 years and 50-59 to 60-69 years of age. Decreasing trends were found in those aged 20-29 to 30-39 years, 40-49 to 50-59 years, and 60-69 to > 70 years of age. The IFG increased in those 30-39 to 40-49 years and 50-59 to > 70 years of age. Decreasing trends existed in those 20-29 to 30-39 years and 40-49 to 50-59 years of age. The prevalence of DM and PDM in the 20-year-old age group within the Muslim population was higher than the Han (P = 0.013), we did not find any significant difference between the Han and Muslim population for other age groups (P > 0.05; Figure 4 and Table 3 ). IGT ( We used binary-logistic regression to detect the traditional risk factors for DM and PDM, and the results showed that BMI, age, cigarette smoking, and alcohol consumption were related to the prevalence of DM and PDM. The risk of DM and PDM increased the prevalence 2.196-fold (P < 0.001) and 1.186-fold (P = 0.025) when BMI and age increased, respectively. Cigarette smoking increased the risk of DM and PDM 3.41-fold over no-smoking (P = 0.011), while alcohol consumption was a protective factor (P < 0.001) ( Table 4) . chuan (5.0% in a 2009 survey), in which the resident population was dominated by Han. The prevalence of IGT was higher than the Lingwu area (IGT standardized prevalence rate = 7.32%); the prevalence of IFG was close to Yinchuan (IFG prevalence rate = 4.0%), while there was a significant difference in the prevalence of IFG, IGT, DM, and IFG + IGT between the Han and Muslim population (P = 0.002) (13) . These results suggest that in Guyuan City (based on surrounding rural residents), the Muslim population has a high prevalence of glucose metabolism disturbance, thus it is necessary to perform further research in the Muslim population in the region.
We have shown that the prevalence of DM and IGT in the stratified sampling of rural residents around Guyuan city were higher in the Muslim population than the Han population and also higher than the general prevalence in the area, and the prevalence of IFG and IFG + IGT was lower than the Han population and the general prevalence in the area (P = 0.002) (13, 17) . Based on an analysis of the questionnaires for the DM epidemiologic study, we showed that characteristics, such as gender (F/M), age, BMI, and WHR, were similar in the different race groups, which indicated that there was no significant difference in demographic characteristics, although the Han and Muslim population belonged to different races with different living habits. Thus, the differences in demographic characteristics were not the reason for the differences in prevalence in DM and PDM. Ethnic and genetic differences may be an important reason for the high prevalence of DM and PDM.
Previous studies have shown that overweight and obese residents are uncommon in rural population in 
DISCUSSION
Guyuan City is located in the southern Ningxia Hui Autonomous Region, an economically underdeveloped region in northwest China. Because the Muslim population accounts for 44.1% of the total residents and most represent greater than three generations, the local population is different from other regions with distinct geographic and demographic characteristics. In a previous stratified cluster random sampling study of the Muslim population in this region we found that the prevalence of diabetes was higher than the Ningxia Lingwu region (3.16% in a 2008 survey) and Yin-
